A real-time polymerase chain reaction (PCR) method specific for genetically modified (GM) maize event DAS59132 (E32) was adapted for qualitative detection of low level presence of E32. The method was validated by a collaborative trial with eight participating Japanese laboratories. Sensitivity was assessed with three di#erent samples of corn flour fortified to 0῍, 0.05῍ and 0.1῍ (w/w) E32 respectively. In addition, a 0.01῍ E32 DNA solution was used. The detection limit with DNA solution was estimated to be approximately 0.01῍. In conclusion, the results of the study confirmed this real-time PCR method as a reliable tool for qualitative detection of E32 maize.
Introduction
Many types of genetically modified organisms (GMOs) have been introduced over the past decade or so, and the number of commercially available bioengineered or genetically modified (GM) crops is increasing rapidly 1) . GM crops and their products have been authorized for food and/or feed use by many countries based on their respective criteria for safety assessment. In the European Union for example, the authorization and use of GM food and feed is governed by regulations (EC) No.
1829/2003 and (EC) No. 1830/2003
2), 3) . Japan implemented a mandatory safety assessment of GM foods and processed foods containing GM ingredients. Since April 1, 2001 , any GM food that has not been authorized is prohibited from import or sale in Japan. Therefore, Japan requires detection methods for regulated and unauthorized GM crops and products. Previously, we reported the development of qualitative detection methods for GM products unauthorized in Japan, such as certain GM maize lines, GM potatoes (NewLeaf Plus, NewLeaf Y), GM papayas (Line 55-1 or its derivatives) and GM rice lines ('LibertyLink' rice and Chinese Bt rice lines) 4 )ῌ17) ῌ In 2008, Dow AgroSciences LLC has voluntarily retrieved from US channels of distribution certain hybrid corn seed potentially containing adventitious, low levels of a regulated biotechnology maize event, DAS59132, also referred to as event 32 or E32. Dow AgroSciences LLC. advised and cooperated with U.S. regulatory authorities in this matter. The situation creates no human, animal or environmental safety concerns, because the Bt proteins produced in the E32 maize are identical to those found in biotech hybrid maize sold commercially and deemed safe. However, under Japanese, Korean and EU regulations the E32 maize is unauthorized and the potential low level presence of E32 could require monitoring before import.
In the present study, we describe the results of an inter-laboratory study of an event-specific real-time PCR method to identify E32 maize. The experiments were conducted at eight laboratories in Japan.
Materials and Methods

Maize (zea mays) materials
Coarsely milled samples of E32 maize seed and non-GM maize seed were kindly provided by Dow AgroSciences LLC.
Preparation of the test samples
The E32 maize seeds and non-GM maize seeds were ground separately in an Ultra-Centrifugal Mill ZM100 (Retsch GmbH, Haan Germany) using a 0.5 mm sieve ring.
Two portions of the resulting non-GM maize flour sample were fortified with the E32 maize flour at 0.05῍ (w/w) and 0.1῍ E32, respectively, and were mixed well.
Since it did not necessarily seem practical to prepare a homogeneous fine flour mixture fortified with 0.01῎ E32, DNA extracted from the 0.05῎ E32 sample was diluted 1 : 5 with DNA extracted from non-GM maize, resulting in a 0.01῎ E32 DNA solution.
Samples were stored at ῌ20῍ until further use.
DNA extraction
Genomic DNAs were extracted from the flour samples using a silica-gel membrane-type kit (DNeasy Plant Mini; QIAGEN, Hilden, Germany) with modifications to the kit manual as described previously 7), 8), 15) . The DNA concentration was determined by measuring the UV absorption at 260 nm using an ND-1000 spectrophotometer (NanoDrop Technologies Inc., Rockland, DE). The purity of the extracted DNA was evaluated based on the ratio of absorbance at 260/280 nm, and the ratio was between 1.7 and 2.0. The extracted DNA was diluted with an appropriate volume of distilled water to a final concentration of 10 ng/mL and stored at ῌ20῍ until further use. These DNA samples were used for the subsequent PCR analysis.
Real-time PCR assay procedure
Real-time PCR assay was performed using an ABI PRISM TM 7900 Sequence Detection System instrument (AP7900) (Applied Biosystems), ABI PRISM TM 7500 Sequence Detection System instrument (AP7500) (Applied Biosystems) and ABI PRISM TM 7700 Sequence Detection System instrument (AP7700) (Applied Biosystems). According to the information provided by Agrigenetics, Inc., the 32f/32r primer pair amplifies a DNA sequence accross a junction between genomic maize DNA sequence and the recombinant DNA sequences present in E32 maize. For fluorescence real-time PCR, the primer pair is to be used with the FAM dye-labeled E32 probe ( Table 1 ). The reaction volume of 25 mL contained 2.5 mL of sample DNA solution, 12.5 mL of Universal Master Mix ῌ (Applied Biosystems), 0.4 mM of 32f and 32r primers, and 0.2 mM 32 probe. The PCR program was as follows: 2 min at 50῍, and 95῍ for 10 min followed by 40 cycles of 15 sec at 95῍ and 1 min 30 sec at 60῍. The primers and probes were synthesized and purified on a reversed-phase column by FASMAC Co., Ltd. (Atsugi, Japan), diluted with an appropriate volume of distilled water to a final concentration of 60 mmol/L, and then stored at ῌ20῍ until further use.
The SSIIb-3 system (SSIIb 3῍5῎ and SSIIb 3῍3῎ with SSIIb-Taq) was used for real-time PCR detection of the taxon specific gene encoding the maize starch synthase IIb gene sequence (SSIIb) as described previously 17) , 18) .
Data analysis
Typically, the baseline was set to cycles 3 through 15. The DRn threshold for plotting Ct values was set to 0.1῍ 0.5 during exponential amplfication.
Reactions with a Ct value of less than 38 and exponential amplification plots were scored positive for E32, since both three DRn values of the cycle number (35, 36, 37) before the Ct value and of the cycle number (38, 39, 40) after the Ct value around the detection limit should be required to verify the exponential amplification in a 40 cycle run. If a Ct value could not be obtained, the reaction was scored negative for E32. The reactions with a Ct value of less than 38, but without exponential amplification as judged by visual inspection of the respective DRn plots and multi component plots were scored negative.
Homogeneity tests of the test materials
Before dispatch to the laboratories, the homogeneity of the test samples was verified by the National Institute of Health Sciences (NIHS) according to the procedure described in the International Harmonized Protocol for Proficiency Testing of Analytical Laboratories 19) , except that the number of test samples was 10. As duplicate reactions for each test sample were tested, twenty reactions in total were analyzed using AP 7500. The obtained Ct values of the real-time PCR analyses were subjected to one-way analysis of variance (ANOVA).
Inter-laboratory study
The inter-laboratory study, conducted with the participation of eight laboratories, was organized by NIHS. Non-GM maize flour, maize flour fortified with 0.05 and 0.1῎ (w/w) E32 maize and 0.01῎ E32 DNA solution were used as the four test samples. Each lab received as Table 1 . Primer and probe sequences of the real-time PCR system used in the present study Name
Oligonucleotide sequence (5῎῍3῎)
For the event-specific detection of E32 maize
Primer 32f C C C C A A T G T G T T A T T A A G T T G T C T A A G 32r G G T G A A T G T C G C C G T G T G T Probe 32 probe FAM-C A A T T T G T T T A C A C C A G A G G C C G A C A C G -TAMRA
For the detection of taxon-specific SSIIb gene (SSIIb) for maize
blind samples 2 tubes with 2 g of each of the three flour samples and 2 tubes containing 30 mL of the 0.01῎ E32 DNA solution. Thus, 64 blind samples in total were distributed and analyzed in the inter-laboratory study. The duplicate reactions for each sample were conducted in a real-time PCR assay. The participating laboratories also received aliquots of the oligonucleotides, other reaction components and the experimental protocol from the NIHS. We referred to the guidelines for collaborative study to determine the general procedure of the inter-laboratory study 20) . Homogeneity test was carried out using AP7500 instruments. a) RSD῎: calculated from Ss (SD of sampling) and Sa (SD of analysis) b) F crit: Critical F value Fig. 1 . Representative amplification plot curves of all the samples, obtained an AP7900 instruments A: SSIIb detection for 0῎ E32 maize sample (non-GM), B: SSIIb detection for 0.01῎ E32 DNA solution, C: SSIIb detection for 0.05῎ E32 maize sample, D: SSIIb detection for 0.1῎ E32 maize sample, E: event-specific detection for 0῎ E32 maize sample (non-GM), F: event-specific detection for 0.01῎ E32 DNA solution, G: event-specific detection for 0.05῎ E32 maize sample, H: event-specific detection for 0.1῎ E32 maize sample. 
Results and Discussion
In-house validation and homogeneity of the test materials
We assessed the reliability of this detection method for E32 maize using mixed known samples fortified with E32 and three di#erent types of real-time PCR instruments, AP7900, AP7700 and AP7500.
First, we confirmed that all three di#erent types of real-time PCR instruments used in the study showed the characteristics expected for PCR amplification plots with pure E32 positive control samples (data not shown). Figure 1 shows examples of AP7900 amplification plots of all the samples used in the study. As anticipated, the SSIIb was detected in all samples, while the E32 target sequence was detected in all samples except the non-GM maize sample. This suggests that the relative limit of detection (LOD) is approximately 0.01ῌ in 20 ng of genomic DNA.
In terms of homogeneity of the fortified samples, Table 2 shows the average Ct value, the relative standard deviation (RSD) calculated from s s (SD of sampling) and s a (SD of analysis) as well as the F-ratios. The F-ratios of the homogeneity test at 0.05ῌ and 0.1ῌ were 1.1 and 0.98, respectively. The critical value of F was 3.02. Therefore, we concluded that the homogeneity of both test samples was acceptable for the interlaboratory evaluation, because both F-ratios were lower than the critical F. Inter-laboratory study Eight laboratories took part in the inter-laboratory study. The laboratories have the three di#erent realtime PCR instruments. Three laboratories have AP7700 instruments, another three laboratories have AP7900 instruments and the other two laboratories used AP 7500. Table 3 shows a summary of the results of all unknown samples and Table 4 shows an analysis of the results of the inter-laboratory study. The positive reaction rate and negative reaction rate were calculated from the 32 repetitions for each sample reaction.
For the SSIIb detection, the positive reaction rates of 0.1 (w/w), 0.05 (w/w), 0.01ῌ (DNA solution) and 0ῌ (w/w) samples were 100, 100, 100, and 100ῌ, respectively (Table 4A) .
For the event-specific detection of E32 maize, the positive reaction rates of 0.1, 0.05, and 0.01ῌ samples were 100, 100 and 96.9ῌ, respectively (Table 4B) . Only laboratory B included a negative reaction in duplicate reactions for one of the two samples of 0.01ῌ E32 DNA solution; although the negative reaction was amplified the Ct value was over 38 (38.54). This result suggests that the LOD of the method appears to be close to 0.01ῌ E32 maize between 0.01ῌ and 0.05ῌ. False positive results for E32 maize were not observed.
Many validation studies have been performed and are still ongoing, based on European Regulation [(EC) NO. 1829/2003]. But almost all studies are only based on genomic DNA as the sample, omitting the DNA extraction step. Therefore, direct comparison of our results with those from the previous studies is not possible. However, for practical reasons, it is very important to know the overall uncertainty of the method. Therefore, inter-laboratory studies including the DNA extraction step are of high relevance.
Conclusions
The results obtained in this study demonstrated that this real-time PCR detection method for E32 maize is suitable for enforcement purposes with respect to its inter-laboratory reproducibility and transferability. The inter-laboratory study including the DNA extraction step was conducted in close adherence to internationally accepted guidelines for collaborative trials. In practical terms, this method could be readily adopted by the various laboratories. This real-time PCR detection method has an LOD of approximately 0.01ῌ E32 maize. It provides a precise and reliable tool for the event-specific detection of E32 maize. This proposed test is able to accurately monitor E32 contamination in maize samples and is therefore an appropriate tool to implement Japanese regulatory requirements concerning unauthorized biotechnology products.
